T he optimal management of blunt splenic injury remains a matter of some debate. Although mandatory surgical exploration for blunt splenic injury was once advocated, the current standard of care is nonoperative management in patients who are hemodynamically stable. [1] [2] [3] In general, this involves a period of bed rest, limiting oral intake, serial hematocrit measurements, and physical examinations. Failure of observation generally prompts surgical exploration.
Over the past 7 years, some groups have begun to use angiography for diagnosis and hemostasis after blunt splenic injury. 4 -10 Advocates believe that angiography can accurately identify intraparenchymal vascular injury. Coil embolization can then be used in selected cases to potentially increase splenic salvage relative to simple observation alone.
There are no uniformly accepted indications for either angiography or embolization. Some clinicians believe that all splenic injuries should undergo diagnostic angiography. Others are more selective and prefer angiography for high-grade injury, presence of vascular abnormality seen on admission computed tomographic (CT) scan, or a large volume of hemoperitoneum. Embolization is generally used for documented vascular injury at the time of angiography, but some have begun to blindly embolize all patients with higher grade injuries.
Although there is a growing body of literature suggesting that the use of angiography and transcatheter embolization can increase splenic salvage, very little is known about the complications of embolization. To answer this question, a retrospective multi-institutional trial was organized via the Multi-Institutional Trials Committee of the Western Trauma Association. The results are the basis for this report.
lected, including age, sex, race, mechanism of injury, admission Glasgow Coma Scale score, admission heart rate, blood pressure, and Injury Severity Score (ISS).
By study design, all patients had splenic injury documented by admission CT scan. These scans were reviewed for evidence of vascular injury (contrast extravasation, pseudoaneurysm, arteriovenous [AV] fistula, vessel truncation) and the degree of hemoperitoneum. Significant hemoperitoneum was defined as intra-abdominal blood that was located in areas other than the perisplenic recess. If postprocedural abdominal CT scans were obtained, they were reviewed for evidence of persistent vascular injury, new pseudoaneurysm formation, infarct size, and evidence of splenic infection.
Angiographic results were also analyzed. Data reviewed included the findings on angiography leading to embolization, embolization technique (superselective distal embolization, proximal main splenic artery embolization, or a combination) and the material used for embolization (i.e., coils or Gelfoam).
Outcome variables were reviewed. The primary outcome was defined as splenic salvage. This was analyzed by abdominal CT scan grade, vascular injury, and other subgroups. Outpatient records were reviewed for delayed complications.
Complications were reviewed. Failure of nonoperative management was defined as the need for abdominal exploration regardless of the indication. Splenic salvage was defined as a patient leaving the hospital with their spleen in situ. Significant infarct was defined as devascularization of greater than 25% of the parenchyma on postprocedural abdominal CT scan.
There was no attempt to protocolize care. Statistical analysis was performed using 2 . A value of p ϭ 0.05 was considered significant.
RESULTS
During the study period, 155 patients underwent splenic embolization at the four participating institutions. Two institutions performed splenic angiography predominantly for pseudoaneurysm or active bleeding on admission abdominal CT scan, and the remaining two institutions performed angiography for significant hemoperitoneum and higher grade splenic injuries as well as evidence of vascular injury on abdominal CT scan. Fifteen patients were excluded because of incomplete data or a mechanism considered to be inconsistent with traumatic injury. The remaining 140 patients were analyzed. The mean age for the total patient group was 33 years, with a median age of 27 years. Seventy-six percent were men and 80% were white. The predominant mechanisms of injury were motor vehicle collisions (84%), followed by assaults (6%). Four percent were injured by falls from a height, and 2% were pedestrians struck by moving vehicles. Five percent of patients suffered significant traumatic brain injury (Glasgow Coma Scale score Ͻ 8 at admission) and 8% were hemodynamically unstable at the time of admission. The mean and median ISS was 20. The mean and median length of stay was 10 days, and the mean intensive care unit length of stay was 5 days, with a median of 3 days. Patients were transfused a mean and median of 2 units of packed red blood cells. Overall mortality was 5%. No one appeared to have died secondary to either splenic injury or the management decisions concerning the spleen.
Mean American Association for the Surgery of Trauma (AAST) splenic injury grade as judged by admission abdominal CT scan was 3.5. The overall splenic salvage rate was 87%. Splenic salvage decreased with increasing splenic injury grade, but this trend was not statistically significant. Higher grade injuries (grades 4 and 5) still had a greater than 80% salvage rate (Table 1) .
Salvage rates based on vascular injury seen at the time of initial abdominal CT scan are depicted in Table 2 . A large number of patients had more than one of these findings. Significant hemoperitoneum was the most common finding, followed by contrast extravasation, pseudoaneurysm, and AV fistula. Salvage rate was highest in patients with hemoperitoneum. Although the number of patients with AV fistulae is relatively small, the failure rate in these patients was 40%. This was statistically significantly worse than the patients with hemoperitoneum or contrast extravasation. There were no statistically significant differences when the other groups were compared.
The outcome of embolization technique is depicted in Table 3 . Patients treated with distal embolization had the lowest splenic CT scan grades, and those with combined therapy had the highest CT scan grade of injury. These differences were not statistically significant. There was no statistical difference in failure rate when main coil and distal embolization techniques were compared. Although only nine patients were treated with combined main coil and distal embolization, the failure rate was substantially higher when compared with main coil or distal embolization. This did not quite reach statistical significance (p ϭ 0.057). 
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Fourteen patients underwent repeat angiography, and seven of these who rebled underwent repeat angiography. Three of these patients had main coil embolization and four underwent distal embolization. Three injuries were for recurrent bleeding and four embolizations were for new injuries. All of these patients were successfully reembolized and their spleens salvaged. Nineteen percent of patients with main coil embolization had significant infarction at the time of postprocedural abdominal CT scan. This was statistically significantly lower than patients treated with distal embolization or patients treated with combined techniques.
Success rates were further analyzed with splenic injury grades on the basis of embolization technique Table 4 . There were trends toward improved salvage using main coil versus superselective (distal) embolization or combined techniques. This did not reach statistical significance.
Thirty patients (21.5% of the total group) were over the age of 55 years. They had similar demographics as compared with the group as a whole, with a mean abdominal CT scan grade of 3.2 and a mean ISS of 17. They spent 10 days in the hospital and 5 days in the intensive care unit, received a mean of 1.5 units of blood, and had a splenic salvage rate of 90%. The overall mortality in this group was 5%. One patient died as a result of multiple organ failure and one as a result of traumatic brain injury. The management of splenic injury did not appear to affect outcome in either patient.
Major complications occurred in 20% of patients (Table  5) . Bleeding was the most common complication, occurring in 16 patients (11%). Nine patients had clinical evidence of ongoing blood loss as manifested by systolic blood pressure less than 90 mm Hg or significant tachycardia with a heart rate greater than 125 beats/min. All underwent splenectomy. An additional 7 patients of the 14 who underwent repeat angiography were actively bleeding. All had new vascular injuries seen at the time of this repeat study and were successfully reembolized with successful splenic salvage.
Four patients underwent laparotomy for missed injury: three underwent exploration for diaphragmatic injury and one underwent exploration for a pancreatic injury. All injuries were detected by radiologist review of admission abdominal CT scans or on follow-up CT scans. The patient with the pancreatic injury underwent splenectomy and distal pancreatectomy. Two of the patients with diaphragmatic injury were described as having splenic bleeding at the time of operation, although it is unclear whether these spleens were bleeding preoperatively. Both of these patients underwent splenectomy and repair of the diaphragm. The third patient with a diaphragmatic injury had a nonbleeding splenic injury at the time of exploration; however, the spleen was sacrificed to facilitate the diaphragmatic repair.
Six patients developed splenic abscesses. Five patients underwent operation for splenic infection. Three patients underwent splenectomy for splenic abscesses. One patient who had a main coil embolization performed empirically for a large hemoperitoneum developed a delayed abscess diagnosed 30 days after injury. Two additional abscesses occurred, one after distal embolization and one after a combined technique. Both of these presented within 1 week of embolization. In these two patients, operative cultures grew Clostridia perfringens and alpha-hemolytic Streptococcus. A fourth patient with a grade 5 injury underwent multiple embolizations, with initial control of the bleeding. He then developed hypotension in the angiography suite. At the time of operation, there was no splenic bleeding, but because of the degree of injury, it was felt to be more prudent to remove the spleen. This patient developed a delayed subphrenic abscess that was successfully managed with percutaneous drainage. An additional patient was readmitted from the clinic with staphylococcal septicemia and a splenic abscess. He was treated with 1 month of intravenous antibiotics. Follow-up abdominal CT scan demonstrated resolution of the abscess and his spleen was preserved.
Two other patients developed large symptomatic splenic infarcts and significant air within the infarct at the time of repeat CT scan. These patients also underwent splenectomy. However, cultures taken from the spleen at the time of oper- ation grew no organisms. Finally, one patient underwent groin exploration and repair of an iatrogenic femoral artery injury caused by the arterial puncture for the angiogram. Thus, the overall failure after splenic embolization was 13.5%. Two splenic abscesses occurred with each embolization technique (main coil, distal, and combined therapy).
There was no statistical difference in major complication rate between main coil and distal embolizations; however, there was a statistically higher major complication rate when the combined embolization technique was compared with main coil and distal embolizations (Tables 3 and 4) . Twenty-three percent of patients had a minor complication. Thirty patients had infarction of greater than 25% of the gland at the time of repeat abdominal CT scan. Eighty-seven percent of patients underwent follow-up abdominal CT scanning and over 90% had at least one follow-up clinic appointment. These patients had minimal symptoms (low-grade fever or left upper quadrant pain). Twenty-eight were treated expectantly with analgesics, and all symptoms resolved. Two additional patients had small infarcts with air within the area of infarction at the time of repeat CT scan. These patients underwent percutaneous sampling of the infarct cavity. They were culture negative. One patient had recurrent air and underwent a second percutaneous draining. Both had successful splenic salvage.
Three patients had coil migration at the time of angiography. Two were retrieved during the procedure and the embolization was carried out successfully. The other migrated to a polar artery. This was left in situ and the planned main coil embolization was performed. There were no sequelae in any of these patients.
Results of these patients were then compared against the Eastern Association for the Surgery of Trauma (EAST) multiinstitutional trial, where patients were treated with observation alone. Results are depicted in Table 6 . There is a statistically significant improvement in splenic salvage in grades 3, 4, and 5 when embolization was used.
DISCUSSION
The optimal treatment for blunt splenic injury remains an open question. Certainly, most would agree on a number of principles. Patients who present with hypotension are best served by diagnostic exploration. Patients who are hemodynamically stable are candidates for nonoperative management. Observation with serial physical examination, frequent hematocrit determinations, bed rest, and limiting oral intake is the most commonly used treatment strategy for nonoperative management.
In 1995, Sclafani et al. first described the use of embolization for blunt splenic injury. 9 In that series, attempts were made to treat 150 patients nonoperatively. All grades of splenic injury had diagnostic angiography. Ninety patients had negative angiograms and were observed. The other 60 patients underwent transcatheter embolization. The splenic salvage rate of 98.5% documented in that series has yet to be equaled. There are some concerns about the use of proximal coil embolization. It provides hemostasis by decreasing perfusion pressure to the spleen, thus rendering the entire spleen ischemic. Although successful hemostasis may be obtained, concerns about splenic function certainly remain unanswered.
Superselective distal coil embolization involves placing a small wire directly adjacent to the documented intraparenchymal vascular injuries at the time of angiography. A catheter is threaded over the wire and selective embolization can then be performed with Gelfoam or a small coil. This has the potential benefit of providing hemostasis and preserving perfusion for the remainder of the spleen. Potential complications include the possibility of rebleeding. Vascular injuries that may be in spasm at the time of either CT scan or angiography may become symptomatic later. This possibility is supported by the data from Memphis. 7 Using spiral CT scanning as a screening test for angiography, that group demonstrated that 80% of vascular injuries identified were present on repeat scan but not on admission CT scan.
Patients with multiple vascular injuries may not be candidates for distal embolization, as this may result in infarction of a large percentage of the gland. These patients are candidates for either main coil embolization or combined therapy. With combined therapy, the largest vascular injuries are selectively embolized, presumably providing the best hemostasis. Smaller injuries can be treated with a proximal coil.
Although embolization is gaining favor in many medical centers, there are inconsistencies both in indications for an- 
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Volume 56 • Number 3giography and in technique of embolization from center to center. The relatively small number of injuries at individual centers has limited the acquisition of a large database to begin to critically evaluate this potentially exciting technique. At a recent meeting of the Multi-Institutional Trials Committee of the Western Trauma Association, we recognized the need to begin critical evaluation. Thus, we proposed to address one of the first basic questions: What is the complication rate of embolization? This multi-institutional retrospective study is the largest collected series of splenic artery embolization. Analysis of the data yields some interesting findings. Splenic artery embolization is used for patients with high-grade splenic injury. The AAST injury grade of the average splenic injury in this series is 3.5. The most common injury we saw was grade 3, occurring in 44% of the patients. This is comparatively much higher than other series. For instance, in the EAST multi-institutional trial, over half of the patients who underwent attempts at nonoperative management had grade 1 or 2 injuries. 1 In our series, only 13% of patients had grade 1 or 2 injuries. The failure rate of nonoperative management in the EAST series was approximately 12%. This increased dramatically with increasing splenic injury grade. Despite significant injury severity, splenic salvage of patients selected for angiographic embolization in our series was 87%.
One patient with a grade 1 injury failed. This would seem unusual, as the observational salvage rate is 95% in the EAST series. However, this patient had active extravasation of his admission abdominal CT scan, and his operative grade was an AAST grade 4 with active bleeding. Splenic salvage was above 80% in all other injury grades. Grade 5 injuries were relatively rare. Presumably, the vast majority of grade 5 splenic injuries are either hypotensive at the time of presentation or develop hypotension early in their course. However, the impressive splenic salvage in higher grade injuries suggests that this technique may be very worthwhile.
Results were statistically significantly better than simple observation used in the EAST study in grades 3, 4, and 5 injuries. This is especially impressive when one recognizes that almost all patients had evidence of vascular injury. The presence of either extravasation or pseudoaneurysm has been shown to predict failure of observation. 5 Thus, it seems reasonable to believe that a substantial number of these patients would have failed observation despite being hemodynamically stable. This must be interpreted with some care. Ours is a selected series, without comprehensive data regarding total numbers of patients with splenic injuries and the percentages undergoing operative, angiographic, or purely observational management. The EAST series entered all patients with intent to treat nonoperatively.
Presence of a large hemoperitoneum predicted failure of nonoperative management in the EAST study. 1 This did not seem to be the case in our patients, where the failure rate of embolization was only 10%. In addition, active contrast extravasation did not predict failure rate, as only 17% of these patients failed embolization. It is intriguing that patients with AV fistulae seemed to have the worse outcome. One might hypothesize that main coil embolization is insufficient with AV fistulae, as the drop in perfusion pressure may not be sufficient to provide hemostasis. It is possible that distal embolization is more prudent in these patients.
Approximately 60% of patients in our series underwent main splenic artery embolization. The failure rate was not different when main embolization was compared with more selective embolization techniques. Although splenic injury grade was not different among any of these techniques, the failure rate of combined therapy was 33%, substantially higher than the other techniques. This is somewhat intriguing. One may suppose that combined proximal and distal embolization was used in patients with the highest number of vascular injuries regardless of the grade. This might suggest that there were other injuries that became symptomatic later or that the number of vascular injuries in fact predicts failure of nonoperative management no matter what technique is used.
Complications were relatively frequent. Major complications occurred in 26 patients (19%) and minor complications occurred in another 33 patients (23%). There was some overlap between these groups. Thus, approximately 32% of patients had some complication. Although this complication rate seems concerning, it did not appear to affect the salvage rate. The most common complication was blood loss, accounting for 60% of the major complications. Approximately half of the patients that continued to bleed were taken to the operating room and underwent splenectomy. However, the other 14 patients were taken back to the angiography suite. Half of these patients underwent initial proximal embolization and the other half underwent initial distal embolization. All seven of these patients with active bleeding on angiography were successfully embolized, and splenic salvage was successful in all. The exact indication for repeat imaging, including angiography, remains unclear.
Although true infection was relatively rare, significant splenic infarction was quite common. This almost certainly underrepresents this phenomenon, as not every patient underwent postprocedure CT scanning. It is likely that a number of other patients had infarcts that would have been demonstrated had they undergone repeat CT scanning. Fortunately, the vast majority of those with infarcts were relatively asymptomatic. Four patients had an infarct with a concerning amount of air. Two of these were sampled percutaneously and splenic salvage was preserved. The other two underwent splenectomy but were culture-negative at the time of exploration. Abscess formation was higher in patients undergoing combined embolizations and similar between main coil and superselective (distal) embolization.
Infarction after embolization has been described previously. 11 The cause of these splenic infarcts is unclear. That they occurred most often in patients with combined therapy seems intuitive. However, distal embolization, gen-erally reserved for patients with a small number of vascular injuries, resulted in a significant infarction rate of 27%. Nearly 20% of patients treated with main coil embolization had significant infarcts. This may have been because of emboli breaking off the proximal coil before final hemostasis occurred and/or vasospasm when the distal splenic artery was manipulated, causing ischemia.
Although advancing years was previously thought to be a relative contraindication to the use of nonoperative management of splenic injury, this notion has been challenged recently. 4, 12 In our series, age did not seem to be important, as all outcome variables were the same in patients over the age of 55 when compared with younger patients. Although there were only 30 such patients, these data do suggest that embolization can be safely used in all groups of patients. This is the largest collection of splenic artery embolization collected to date. It is certainly not conclusive but instead raises a number of intriguing issues. Coil embolization is being used more frequently and in more institutions as time progresses. It is used in patients with high-grade injuries. Given the severity of the splenic injury, splenic salvage rates seem quite reasonable. Complications are relatively common but do not appear to adversely affect splenic salvage. Bleeding is the most common complication after embolization, but some patients are candidates for repeat angiography and embolization, with good results. Splenic infarctions seem relatively common after embolization. The vast majority of these patients are asymptomatic and can be managed nonoperatively. A number of prospective studies will need to be performed to address the questions that this study raises. Finally, splenic function must be evaluated to ascertain whether the salvaged spleens are immunologically active or simply anatomically present.
